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I 

w m m 

[0001] *mfcttYyv*m^x\s—v&m*i&z£tt\s—vmwjBLX}\<'— 
[ooo2] cnk7b<n¥?gfc. ^^^^wm^ymm^x^^x&^-it^^^x, 

[0003] co.wftttjtasj&mi-s^a^ ^fl^y-K^Sri^ ifjKflteucfljJBi-s:: 

[0004] ;©i5*?iJ^tts ^^S^/H&BUt g a^fifc*f-Ky M^—1f m*5V ^T^II 
$tuTV^(^Jx.(i\ N.N.Ledentsov, V.M.Ustinov, A.Y.Egorov, et. al., T 
Semiconductors 28j, 832(1994)#flS) 0 ^<D^°^iy^^Ml L VyHcX^—f^ 

[0005] CdSe^y^ B a B f-i. u—ifM^LT, *fc4^r^Dii*^?i<S^5^-y^ 

[0006] cdSeT;fagkfrb<Du-y s &M<Dffl9ztLX^ l&^W^A^c^y^icj; 

3 Whispering Gallery ModetD^/>y V^V— if^M^^^TV^ (0ijx.f^ 
A.V.Maiko, A.A.Mikhailovsky, M.A.Petruska, TAppl. Phys. Lett 81J, 1303(2002)# 

[0007] -ty^^^-YyY^hcDU— 1f$£MkVXfe. CdSei-;%&M*frt>(DU—f$£M(D 
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flfeKlCuCWVtt*a»e>0>l'— 1fmmfctot>inXl<^(Mx.&s Y.Masumoto, 
T.Kawamura, K.Era, TAppl. Phys. Lett. 62J, 225(1993)#flSJ 0 
[0008] Ull 7(4, ilETAppl. Phys. Lett. 62j tC*5V^"tV— ^ftfatefrotiMzm^ ^htlti 

NaCl|^ H a B ^^^5^101<b, *^««:/i-r2tS:^ffl«^7-102- 102<b&>e>« 

[0009] ^101(^*5ft5CuCl^-yjf$ H a B<Z)^>t3a¥#«5. Onmt?ifet), NaCl*£fi£> 
*HF2te3. 2X5. 6X0. 58mm 3 -e&>5o 102-102tt, -t^Vetl/S^ 

90%OS*i-¥ : ®102a-102a^bTV^o C<0K£t¥®lO2a' 102atfSfWi01 
Sr-t©ff^ipi (0. 58mm©ff ^IrI) KlfiM*L, £>o, I^icffTC^i^^ 

1 02 • 1 02asgaa§ tit v vs» 

[0010] ifETAppl. Phys. Lett. 62JT14, I — - f 100^r77K^iPL^^ic:*3V^, C 
OV- 1fl00fc#LTi£g337nm<£>^W— if)t£l0ns<^/W;*i|STJ!Blti-5r. 

*ft^BBi-5»iRL#VHtI #2. lMW/cm'^iofc. 

th 

[0011] IHlSte, ±IB»fib#v^tt©iW|j|fcfc»t5»3te3*^Sr^LT*35, Bfelfttt^iM' 
^SO. 861 <7>4§-g\ HHte^/l^— 081 O^^tt^fn^L-C 

th th 

[0012] ±|BrAppl. Phys. Lett. 62 j HlH!^$*LfcW"— !f»18tt, I&ig^ra&I&igLfc 
[0013] *ISWI4 % ±EO|ffl«^ifcM* , r**tLy!:'b©T?*>D, ^co @ S6*©J;v^ 
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[0014] -^mmt^ ^wftttFvb&M^xi'—f&m&i&z.zitzis 

[0015] !f388E^Tifett, NM*flc*-y-Ks*&Jflv^u-- 1f38jg*jfi 

o 

[0016] ±IBO*fi5c < R^feT?«[; ^fra^hVhiaajg^^JBSr^fifcbT*** 
ZtHbl^ 23t^**iafit!:J:5jaie(fljB^^23te^*#jajB)Srjec**TV> 

"So 

[0017] ®ie^^2)t^*R%jajg^j:oTJ5bje^^^ffiS:^Lfc^t-«, 

[0019] fgixtti — fftmjjmx^ mumm%(ommM^mm 

[0020] m&tt*<7>te&mmt&+¥=%mmx&>?>zbib*t>. ±t£<D£?iz®myt<Dm 
mmHmm&mm-rzb, mmmMmmia^mmtD^n^xmm^^- 

^Mmxm±^^m^(Dmm^tm^^x^hM<m's^fj>u^xh 
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[0021] £33, ±m<D£oizmmmHnm*mm-rz>ia^ m&yt&tt&^A'X*-?** 
[0022] ^mm^m^-^mmx^ ms.^—^mttK mm^mi^A^yht, mis 

^mfttth'yh&ftft-t&mtktt^ tm*mfth*vh&s CuCl, CuBr, CdS 
[0023] fc^VMrt^BJ^SU— if^g-C«, SWEl^— Strl5¥«ft:*^KVh 
[0024] ^B^w^fjtcffi© g #k «H», *3J:tf«ixfcjfef4, UiT(c^i-|B«fe^J;o-c+ 

[0025] [Hl]*38M©ll*©^ll8fcfil5u^if©fl|^33%i-5Fffi|g-T?ft>*. 

[02] (a) d>P> (e) tt, l^^lf t33»t«U— If <flWOf^^feO^IH*^-rBI®-C*> 

[E6]*ISW<^— II^MtLT^L^u— 1f«|J#f^fflv>-Cffoyh383t<^aiBfl||» 
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ic£&m&*^-F^*^*r-/<>vmxhz> 0 
7F-*rtf7~7X&>%> 0 

m^.mm^—^(Dyt^^/^—<Dmt^m%^t^xmmi$:^^yhv 

tztfj7X&z> 0 

mu]^mm(D-^mtL.xn^tcm^(Dm.mmm(Dmw}m^^i-^yx^> 
s 0 

[iiii^^gfrt^K^Mcfctt^^^ 

[mi5](a)«, ^mi^m^yhKM^titcmm^^-^-rmmxm. a>m, 
[®16](a).£;tf(b) ^^a^K^h^Mnttiiim^MT-i'^-wb-rs^^ 

[0026] j^t, RMtm, m&®u fcmmizxy^ ^mm^^mm^nm-r^ 

[oo27] *&m<vmM<D— mm^\,^xm^m^^xmw-tz>kUT<Dmvxibz> 0 
[0028] mi^mmmm^n^-^iocDm^^i-o u~ fio^ u—rmtut 
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[0029] u-fwnii, mtt. zcDmt^MfrT&t.titc^mwm^yhbfrbte'o. m 
&x%z> 0 

[0030] *ig^l4fi, ^T^tLSM®12a-13a^W^2^SltS:7-12-13^^/io 
TV^ 0 SM^7- 12-13tt, SM®12a-13atCj;oT:^— tF^tllSr^Jl^^ 
fn](vl^^jitfJ;5^IBfi^tbTV^ 0 12-13te, /ct^{i*^«^7— tC<t 

■t^t, ^<Difibffi {C^tt^— 12-13 <DStt® 1 2a • 1 3a^#-T5 *5 fo&tfbtlX 
[0031] tK^tV— Jfl5tt, ^Wll^^^a^K^htCjoJtSl^-lf^^fefe 

®^^2^^*R*M^ c fcSU-if^M^^-ifWll<D^^*^hVh^fe 
V^Tlgm^S^^^^^V^fe^.^^-lflSfir^.t^'fe^"-- IfftSr 

[0032] ^c-e, jKiie j f-^ j ?-23t^-*RftiajB^ovN-ciftKbT*3<„ mm^^(D±m^ 
ji&je^^^flgtt, a**@je^-2flB©«ffi(Bii4<or | 2x>ju«k>:*i*3^M' 

[0033] *3t^vXl6tt, tfl^l — If 15<D3§1-5I/— iFftS^tLTU— Wllti 
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[0034] fc*5 % /tfVTV— If 15*»bflb^t$nSW— tFftOftWdfrfcJBfc, ±SEfej»*fR]Ai: 
[0035] [^Jfcfll] 

[0036] tFgpmifcLTfi* ■&#i:UrwNaCl|SH S B{-^#fr*T-H>biLT(DCuCl 

Lfc»WSrfflV^ CuCl^/f£ a B a O^^^{^J6nm. NaCl^ B H a {d^-T^C 
uCl^/atiil<£»£f*falmol%£Ut. w*Ud«fc!), NaCl^^CuCl^/T^JI^ 

[0037] ^3g#:*^K^^^LTCuCl^-7|^ H ^ H ^V^TV^5^0{i, CuClwafi-?-!*^:** 

[0038] El2(a)-|il2(e)^lx«-if§iJ$tll<D^xm<7)— WSr^-f. ^Of^fifc^Scf** 
S^JJ^v^V^ (Transverse Bridgman method) %MM\Jfc&<DX*$>Z> a tf, 02 (a 

NaClSr^»$-fr5o ^LT. El 2(b) ^-fi^fc, Wlmol%OCuCmE>?"«r»»L 
fcNaCKC^jDL, ?fr^LTNaC10MV=*yh«:W5. 02(c) r. 
O^WtaftO. 3atm©7K*^Sr^i*U 1 S Sfc'92cm^MT^M^y^v ? ^ 
VjPfW^SriiiS^iirSo C*UcJ;9, NaClrCu ©HMfr&&»5 0 ^4:500^*^60 

o c c-e^0#rflT--^-rsrt^j;^. 02(d) tc^-*\fc5u:, Naci^^tc^^r 

a*S*S«nm©CuCl^y'i|g*iS^$tb6, wfL^^bt200 < C*^300°C-X?T- 
-^Zt, 02(e) }C^J;9^CuCl^y|S B B B^ipl^^^^l0nm^^-S:-r 
5 0 igfc, ^10nm^S$-frfc^{C500 o C/5^600°CT*T-— /V-T5i:. 02(d) (C 



WO 2005/078881 8 PCT/JP2004/0 11536 

[0039] ^mmmx^ &mmi4t\^x(D%.m : 7-i2>i3&mm^ u-»n©« 
[oo4o] msi^ ±m<Dis—^mizm^^fc&ft*mm^ztzfr<Dn&mw<DM&*^ 

^U—tfOPA (optical parametric amplifier) 22&;i<£oTJi{!£ll''— 1f5fe£#§££i*\ - 

;yr-21l*I<Z51/— if SB*tt 1 ^jJB#t£-frfc 0 
[0041] if^iid^^-yr^fc^fi, iiEtliWiJ^^Xiz^^i-^^^ 

^X24^LT^^hn^-^25{ci^^o iO^^ha^- *25{ClJ:5#3fti& 
^^rCCD (charge coupled device) 26 ^iof^^OU, PC (personal computer) 27 

[0042] ^PJ#ibcDrtL^-e(DW^^9, ^^4^K^h^V^TIil^^-^^2^ 
tvrv^o ^-e, Iie^^2^*R&Mi®^J;S3tI!j^^^ ; fTo/c 0 

[0043] ^^mm^m^wmxh^ ^^ou- tw-m^^^Ktu i& 

igW- 1f(75Att^i(i6. 6° iLfCo StiiS^- Ifytl*. X/l^ifrll. 5ps, ft^^/l" 
=¥-3. 1950eV N ;*^KMB3. 3meV, JftQSUHXil. OkHz£>fc°=«#V"— ifft 

[0044] H4f±, ®iB^^23fe^*q»iajeTW»3t©]ajB!S^»#teSr*Ufcfc©"^ 
[0045] ^ib\ H5^*3v>t, r I ojiilltl, r | x>j«M^=-^, r | m>j« 

r I BX>J»43W»ajg^tt, r I BM>jlJ$»jg^^ 
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1 

[0046] mil^B%^^f*^^^R6(c:®SLT$*^^*&^^SLn^^CT*3?), c 

[oo47] m4j;^ m&K&mtf&m^Mm zmz-z>zbK£<o, ^/^to^^^f^ 

th 

th th 

[0048] Hl^bTV ^ Jgjigt— If fttfV^l^itig^OOf s\zM^t'tZ.^ mm 

th 

[0049] U-ifWllO^®(^M®)^*^OStt«ll^fio-CV^5.wi:^5t^-t-5fc 
Av=c/(2nl) ••• (1) 

rC"C% cf*3fci£, n(iU— 1faJ*tll<OJa*f^-eft>t), n=l. 59£LTV^ 0 
[0050] gie&tfUl 7\Z^^7jki~ 0 HTO^e—KMHlAvtt, H6<^-^IvW::X 

[0051] i — 1f»a"llo»B«:Rit*d s ^i"*»5%SAT?*)«^i*, i$>w(DmmtkmM 
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[0052] H8f4, j@JjgU— 1f^WJ®ja3t3fi^P{^i-SI8)t!fi*I<O^fb^b-C*30, A 

[0053] ft^-^/^=¥-^3. l950eVT^l^-if^;»^l — If }fc<!:LT3£ft£fc£ 
[0054] CuCHpOjaije^^tt^ai&lJ^-tfoTfabSfc*, Hl9(a),|Il9(b)}£7F-rj;5 

[0055] lliote, BbjBi^— 1f^*j^«3feib^^*c*jMS*L5*3fe^^h^x Sifi 
tmztbfa ^k*mm£thtl 0 £oT, ft^^i"?— tf s 3. i950eVC3>5U— If 

[0056] 2fc, jsbjfiw — ifftnyt^z^A^e—bs ffiM^iyt^mmRvmm^ft^yt 
[0057] hi in, m^-^yt^m^myttvtcm^bBm^t\^tcm^t<D^^m^ 

hUifcOTfcSo HI 11 it), CuCl<7V^^J|T^Sii©^^vV^— (3. 207eV) 
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o 

[0059] ^&flrm> s^T$mwz£zu~^Mzm-£-&x\,^<D^M^^ 

mmy— -tf %tvxm v ^-cv >a 0 
[0060] ®je^^23t^*R»s(ijetcj:oTSbie^^^^j*bfc^»iit4, mmi- 

[0061] f&feStfff-CWu J&fil'— If StiLT-JV^M— {-r;®'WX) & 

fcJB^SwfcfcJ:?), J;«J3»*«t<jaje^ ; ?-23t^*q»fibjaS:ll^i-Sr.i:ds-T?#5o 

th 

[0062] SIJRMtttOV^tt, lll24'W/cm 2 TOT'fE«cb/c^lIM(t 0 -^^ ;a r-)T* 
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x^xRmmR^9o%um^x^±^, Qmhiffiu±fo±zitz>zb-j!)>xzz> 0 =t 

th 

th 

[0063] HS'MttCO^-Ob, \%12W/cm 2 mZxmmLtcs</\'Xmtz'0<D^;i'^ 

[0064] CtttfcM] 

±ummmx^mm^^2^^mmm^x^-^miz.^^x^tctK 

[0065] ±!5ll^J(D|EIll{C^bfcj;p^,I{i®U-if^(D^^ac^^-^±ff5^^ 3 
. 207eVttfc%mbLX2ft^&mW.m^iyt+W.U^<DmktfM J bftZ> 0 ^X 

[0066] 12113(4, mm*iyt*mmTx<D&yt^?w\s&^vtch<Dx&v, ±&teu— 
Sr^b-o^o sfc, Bii4iaaje^i3t^ajB©^^KBi**-fo mi 3^*3 ft 

^tmj, rBMjSt>*rBXjf4, iai4H:^t-«t5fc-tiv?ttajB J F-^, flDWSjB^ 

^^FXO«*iWJajg^75»P><753S)t-Cfc5, HI 13^*5^^ J 14, ^RS*C3tDP»^ 
;h,fciaiB^fc£^3tefc^UCV5. Hl4K:*5V>"C, r | G>jf4SJK^«g, r 
I x>jf4iae^ffi, r | 2X>jttSv^cgft/j:2o©jaije j f-*s^$tt^1!8 % 

r i M>mmm^^m, r i Bx>j«3ia»ajB^iKi», r i BM>j«3w«a 
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[0067] ni3tc^-rj;?{c, mm*i?tt*mm^izjtimmm*frbj&mm&*ft*\z.mz 

a) ,nii6 (b) ^s^vv-otii-rso 
coo68] mm^^it^-^m^x^ 1115(3)^1-^9^, mm^-^EMtmm 

m*9rttM*m%ffim:mxmm.m&\z-mz>b\, ^mmmvMtsthztcfr, m 
7ELtz^—^mM<Dmmt^Mxfoz>t^z-t>tiz>o mm^-iyt^mmx^ 
mi5(b) KTjk-txoic i^fD^m&A^yhQnft^fabsmcom&ttxtftk 

J&£tl, IH16 (a) Xttl2I16 (b) iZ.7jk~f J:5}-®)^^l±^t@S^^ct5^--^ 
-T5 0 -r^-><k:Lfc^^^*^K^hQDtt, ^^yw^^j^; (stark effect) ^£oT3§ 

)tuit<&<5 0 c\(Dtmb, mm%4mmt*m*Lx-L^\ m^mxi--^mtm± 

[0069] ±3£Lfc®^#-^j£^£j£f 2, Sig#cSI (El5cor | G>j) 

%mmy—^fyt*m^^z.ti l z£^xmm.xzz> 0 ±mmmmx^ c^i&ig^-^ 
(D\Km^f&mmzmmi,tcb(Dx&r), z.n\zi.v)^w\^^^xm^t^—^ 
^i®M^£zu~^mM<DW±%mm-tz>^t&x%z> 0 

[0070] (»#!D 

[0071] u—fMtfii<Dmtffc, mfri&tf¥mfcm^h*vh<D&y£&m£tt\^xmwxh 
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i 

[0072] u-?nmi<n¥m&m*h*vh<Dmf8Mnte. m&*-&*vtifc&&&-rz>h<o 
[0073] u-^umi^-mut^mwm^yht^m^^^^x}^ a»atf^*# 

T/lsW-^V'&gk&m&lU ttmfcttFyhblXCuCl, CuBr, CdSe, CdS, 
CuCl Br , Cd Se , ZnO<D*>1b<ntofti>&m&ttZ.b&&T&'?*>Zo $.Tc. W 

x 1-x x 1-x 

iL-CGaAs^ a B 0 , AlGaAs^dl, InGaAs^ a B H , XfiGaAsSbJ|£&&jI&U *m 
^S^K^h^UTInAs, InGaSb<05*>©(iirtl/*»Srai^'fSfliPfife(GaAs^Ofl|j*) 

z.tumx&z> 0 

[0074] fc*3, Sb^^^^|f^/^-^Vh^VN±|5GaAs^cD«^-ef4, #^t°=i# 

y^^m^^^ttm^^\ %<Dm&\*iik<Dffi<Qxfoz>a mM^^^—^fD^ 
*ft*2?fc*&mmi&*i&z£i£%ft^*/v^btimmvx^z>o ^©fc*. a 

[0075] ^#:»^K^hO^^^Xt#^P5^$tbStO-e«7fe< N ^CiM'X&^H 
[0076] ±|EH»J-C«, 01<^*«|gl4tL-CU— -^gU*tll<D««-C&5NaCl(^l¥M 

m*mmuz&. ^mm.mtmm^mmm7-%:m^x^ \ 

[0077] ifastti i fc#LTai3|*fi«i4Sria:rt5i^*<, #c<&«fc5ftfllfifcte<fc 

^^CjifebtV^^b^iRMLTiltpWhispering Gallery ModeWttttbS*— K 



WO 2005/078881 



15 



PCT/JP2004/011536 



[oo78] Jrisms^j-m, mmytkL.x<Dm&is'--9 : yt&m\<^xmfe : kft'3tc&. mt&yt 
[0079] sbfi^t^ov >t«, (ft*) amm^^yt^Mm terns 

[0080] tefc, Stl®^;^^^^^l|IS^cov^T{it 0 3#^--^(l x lO" 9 *^ 1 x 10~ 12 £k±.) 

##*L<, ^(1 X lO' 12 ^, 1 X 10' 15 J^±) ^-TSC^^oT^^ 

[0081] OfcfflM] 

[0082] r<0«fc9&*iJj6&7£7&>L-C\ If 10£fc£;LJ23fciHf ^iSttStt*^**-?"^* 

If RgfOW- 1f38fijSr*5l-t"5fe«>^W:, GaAsJ££. AlGaAs3&A, XfiGaA 
sSb$t H B H ^*ti:-t-^ 1/— If TO 1 1 tm MX&Z>k^x.t>tiZ> 0 
[0083] &>±<D£?K, ^JSWteffiSU— if (U-1f=gg) lOfi, ^l|#:»^K ; yH£ffl^T 

, 2^ti L ^mm^x^x±m^m^&^y : 'yh\mm^^m^m^^x^ 
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[0084] ^fc, ^^cf^u- f&m&mti. ^mfcmwyb&m^xis—if&m&m- 

coo85] ±m(Dmf$.%.ifjj&:Xte, ¥mft&*b*>ybicmm+ft+wmzwmi,xm]t$: 
z>tm^ 2yt^&mmm^£zmm(®m^ft*2yt*&»Mmm*mz&itx\,^ 

5o 

[0086] mm^^yt^^mmm^^xm^^^m^mvtcm^a^ 

[0087], l^o-c, £K>&<<Dmm^ft^m%\z.^-fz>z.t{z.t£z> 0 znmm, ^m<D 

[0088] ^mmim^—^mmxitu-^m^xi^ mmmmyt(Dmmmmmm 

[oo89] mm^^mMmm^+^^pumx-h^t^h, _biEoj;5^®e^oig 
mmMMmzmmi-zt, mmm^mm^mmm^^n^xm^^^-- 

T;fm±(DMttMmxtem&*ttMmiittMtte^ 
^<DweRm>±cz>tcbbx&z> 0 ^tu^, ^^mx<mm^^-2^^Mmm 
*mm,Tz^t&x%z 0 ^<7^m, ^-^m<DmMv^^m*{&m-tz>z.kbx% 

•So 

[0090] jfcte, ^mcoxyicmwimftmmzmm-tzia^ mm^t*^®'^**?-?^ 
bfj>/<^x^m^xwM-rtii-££\, \ 

[0091] ^PJ^«i-S^O*^<Z)^SW^^^V>T^L^^^||it^Sfc« 
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[0092] £Lh<z>£5l^ if»«&^— ^at^-fe-Cli, ^^S^K 

[0093] M^^2^^*R|®^{C«toT®e^^^fli?r^Ufc^^« N JS)®^ 

[0095] *3&BBf4, tcb^&ytmim-&tfz&^mm^^<Dmmm*bi,Tmm-$-z 
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[4] miz^—fmm** m^m^m^ybt. mm^m^m^yb^w-r^nu 

mm^m^yhi^ CuCl, CuBr, CdSe, CdS<©5^<Dfaixa^kft^ MfE© 

[8] miaj^3t^sra^w^t o =#^^^«ci^mi:-r?.i*^^iam7 
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[01] 
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32] 



(a) 



ci 2 ;tfx 



(b) CuClHIM- 
(~1mol%) 



(c) 
(~0.3atm) 



(d) 



(e) 



NaCK>3^h 



I I 








o 














o 


o 








I 



2cm/day 



NaCI:Cu + J£$£H 



/jxgcuci:iv$ss 

(l&nm) 



(~10nm) 
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[04] 



©six— fx 

3.1950eV 



1 i | l l l I | i » l l | » l l l | » l i i | i » i I j 1 I i I | I 1 I i j 

T=4K 




I ■ ' I 1 I ■ I 1 * ' ' i ' 1 ■ ■ i ' I 1 i * i 1 




3.15 3.16 3.17 3.18 3.19 

#qpx*;u*— (eV) 



3.20 



CH5] 



|M> 



|X> 



|BM> 



|Q> 




bm: Mmm&^m- 

X: m&=f- 

bx: Mmm&* 
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